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associated with decreased activity, such
as during quiet wakefulness and anes-
thesia? And finally, do flies forget indis-
criminately, or can forgetting be biased
toward irrelevant information? For ex-
ample, are flies more likely to sleep after
especially salient experiences to prevent
forgetting?
The exact relationship between mem-
ory and sleep is still very much a mystery.
Berry and colleagues have taken a signif-
icant step toward understanding this
relationship by identifying how the fly’s
behavioral state modulates the activity of
a single critical circuit involved in memory
loss. This new twist on current sleep-1500 Cell 161, June 18, 2015 ª2015 Elseviermemory models serves as an excellent
mechanistic starting point to frame future
research in Drosophila—but also possibly
mammalian—learning and memory.
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In select areas of the brain, neural stem cells produce new neurons throughout life. An elegant new
study in this issue of Cell reveals the origins of a stem cell population that persists into adulthood
and uncovers a surprising relationship between neurons born in the mature brain and those gener-
ated early in development.The rediscovery and confirmation of adult
neurogenesis in the mid-1990s has led
to an explosion of research focused on
establishing the functions of newly gener-
ated neurons in the adult brain. However,
the rules that govern the generation of
adult neural stem cells (NSCs) and their
relationship to stem cells and neurons
born early in development have remained
elusive. A new study by Alvarez-Buylla
and colleagues now reveals the exquisite
specificity with which the neurogenic
niche is established and the remarkable
association between the precursors of
adult born neurons and neurons born dur-
ing embryogenesis (Fuentealba et al.,
2015).
Adult neurogenesis occurs primarily in
two areas: the subgranular zone (SGZ) of
the hippocampal dentate gyrus and the
ventricular-subventricular zone (V-SVZ),a band of tissue that lines the lateral ven-
tricles (Ming and Song, 2011). In the hip-
pocampus, radial glial-like stem cells
give rise to dentate granule neurons,
which functionally integrate into local cir-
cuits. The V-SVZ hosts NSCs with astro-
cytic features, named B1 cells, which
generate different classes of adult-born
interneurons that migrate to the olfactory
bulb (OB) (Doetsch et al., 1999). It is
known that B1 cells are generated from
radial glial (RG) cells during embryonic
development (Merkle et al., 2004) and
that different types of OB interneurons
arise fromB1 cells according to their posi-
tion in the V-SVZ (Merkle et al., 2007).
However, it is uncertain when this spatial
determination of cell fate occurs and
whether B1 cells derive from the same
neural precursors that are responsible
for embryonic neurogenesis. Alvarez-Buylla and colleagues set out to answer
these questions by defining the origins
of B1 cells, revealing along the way the
common origins of adult-born OB inter-
neurons and embryonically generated
forebrain neurons (Figure 1) and finding
that adult NSCs are generated very early
in embryonic brain development but
remain quiescent until they are reacti-
vated in adulthood.
To determine the exact period during
embryonic development when adult
NSCs are generated, the authors com-
bined transgenic reporter lines of mice
with BrdU and retroviral labeling of
dividing cells. They found that B1 cells
arise from embryonic cells dividing on
embryonic days 13.5 to 15.5., which is
the time when other classes of forebrain
neurons appear, raising the exciting pos-
sibility that they all hail from the same
Figure 1. Using Genetic Barcodes to Trace the Family Tree of Adult-Born Olfactory Neurons
Adult NSCs (B1-cells) arise from progenitors that give rise to specific subsets of forebrain neurons whose
identity is defined by embryonic position of the RG cell early in development. This level of specificity
generates a direct relationship between adult-born OB neurons and embryonically generated forebrain
neurons. This ‘‘family tree’’ allows tracing the relationships between adult-born neurons and those born
in utero.RGs. To test this idea, the authors adop-
ted an ingenious retroviral approach,
labeling dividing cells with a membrane-
bound GFP (mGFP) and a ‘‘genetic bar-
code,’’ a 24-base-pair oligonucleotide
unique to each retrovirus (Golden et al.,
1995). By labeling progenitors during the
embryonic period, all cells originating
from a single progenitor would inherit
the same barcode, enabling cell lineage
determination. In adulthood, newborn
neurons were also labeled with tdTomato,
allowing the identification of cells carrying
both labels. Importantly, cells’ barcodes
allowed the authors to determine whether
adult and embryonically generated neu-
rons originated from the same progenitor.
In other words, if adult-born OB neurons
had the same ancestor as neurons born
early in development, the neurons would
share the same barcode. Indeed, the re-
sults of the study demonstrate that theprogenitors of forebrain neurons gener-
ated early in embryonic development
also give rise to B1 cells that, in turn,
generate adult-born neurons in the OB
(Figure 1).
Adult NSCs in distinct regions of the
V-SVZ produce different classes of
OB neurons (Merkle et al., 2007). The au-
thors therefore investigated whether this
regional specification was established
early in development, reasoning that
classes of OB neurons born in adulthood
would be related to distinct subtypes of
forebrain neurons according to where
theywere generated. By reading the barc-
odes of labeled cells, they indeed found
that the position of the embryonic progen-
itor indicated the class of adult-born OB
neuron it produced and to which type of
forebrain neuron it was clonally related.
For example, adult-born superficial GCs
and dopaminergic periglomerular cells inCell 16the OB were clonally related to embryon-
ically generated cortical cells (Figure 1).
This elegant study provides a charac-
terization of the origins and lineage of a
key type of neural precursor in the adult
brain, as well as the methodology for
future studies aimed at understanding
the origin of NSCs in another adult neuro-
genic niche, the SGZ (Li et al., 2013), and
the lineages they share with embryoni-
cally generated neurons. In addition, by
revealing the exquisite selectivity in em-
bryonic determination of cell fate, these
findings set the stage for efforts aimed at
understanding the malleability of the sys-
tem and how extrinsic and intrinsic factors
acting during development may affect cell
types generated in adulthood.
In addition to identifying the relationship
between adult-born and embryonically
generated neurons, these data have
important implications for the ongoing ef-
forts to identify the self-renewal proper-
ties of adult NSCs. In the SGZ, self-
renewal of adult NSCs was shown
(Bonaguidi et al., 2011), but heterogeneity
among adult NSCs means that some
might have limited self-renewal capacity
(Calzolari et al., 2015; Encinas et al.,
2011). In this study, the authors rarely
found clones of both B1 cells and OB
neurons, indicating that individual cohorts
of B1 cells that are activated in adulthood
eventually become exhausted and that
new neurons arise only from distinct B1
cohorts. Therefore, future studies em-
ploying the powerful lineage-tracing stra-
tegies used here might be used to
elucidate mechanisms of self-renewal in
the hippocampal SGZ. In addition, em-
ploying in vivo imaging technologies to
track individual adult NSCs across time
may cast further light on their capacity
for renewal.
Clarifying the identity of adult NSC pre-
cursors and the factors that generate the
myriad of neuronal subtypes in the adult
brain is essential if we wish to harness
their power for treatments of brain injury
and neurological and neuropsychiatric
disorders. Indeed, while we know that
neurogenesis occurs in adult brains, this
study reveals that it is also critically influ-
enced by events that occur before birth
and that the exquisite spatial and tempo-
ral dynamics of progenitor cell generation
in the embryo is the key determinant of the
adult born neurons’ fate.1, June 18, 2015 ª2015 Elsevier Inc. 1501
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Human cancer cells bear complex chromosome rearrangements that can be potential drivers of
cancer development. However, the molecular mechanisms underlying these rearrangements
have been unclear. Zhang et al. use a new technique combining live-cell imaging and single-cell
sequencing to demonstrate that chromosomes mis-segregated to micronuclei frequently undergo
chromothripsis-like rearrangements in the subsequent cell cycle.Chromothripsis occurs when a chromo-
some fragments into many pieces all at
once and is then stitched back together
in a random order. It was originally identi-
fied by whole-genome sequencing of
chronic lymphocytic leukemia cells (Ste-
phens et al., 2011) and has been subse-
quently identified in many types of
cancers and some congenital disorders
(Kloosterman and Cuppen, 2013). Break-
point analysis identified several charac-
teristics that distinguish chromothripsis
from progressive rearrangement pro-
cesses and is the basis of the current
model of chromothripsis. In a recent
study, Zhang et al. (2015) identify a
cellular mechanism that could cause
chromothripsis in cancer cells. Previous
work from the Pellman lab showed that
chromosomes trapped in micronuclei
can become fragmented and suggested
that this could be the initial step of chro-
mothripsis (Crasta et al., 2012). Their cur-
rent paper solidifies and refines this
model by demonstrating that damaged
micronucleated chromatin frequently un-
dergoes complex rearrangements withinthe next cell cycle that meet the criteria
for chromothripsis.
Micronuclei occur in mammalian cells
when chromosomes lag during anaphase
or fail to align on the metaphase plate. If
this chromosome, or chromosome frag-
ment, is sufficiently far from the rest of
the chromatin mass, it assembles a sepa-
rate nuclear envelope (NE) at the end of
mitosis. This results in an interphase cell
with twonuclei: the primary nucleus,which
contains themainchromatinmass, and the
micronucleus, which contains the mis-
segregated chromatin. Previous work
had shown that micronucleated chromatin
often undergoes extensive damage in
interphase (Zhang et al., 2013), and the
Pellman group linked delayed DNA repli-
cation in micronuclei to fragmentation of
this chromatin in mitosis. Subsequently, it
was shown that the NE in the majority of
micronuclei collapses during interphase,
and this instability was shown to trigger
DNA damage and abrogate DNA replica-
tion (Hatch et al., 2013). Zhang et al.
reinforce the connection between under-
replication and the formation of double-stranded DNA breaks in micronucleated
chromatin. They demonstrate that DNA
damage following NE rupture only occurs
after cells have left G1 phase, strength-
ening a previous observation (Hatch
et al., 2013). In addition, they find that
most damaged chromosomes have initi-
ated DNA replication prior to NE rupture.
To connectmicronuclei to chromothrip-
sis, the authors developed a live-cell
imaging technique combined with sin-
gle-cell sequencing to identify cells with
ruptured micronuclei, track them through
the next mitosis, and determine whether
the micronucleated chromosome was re-
arranged. The authors take advantage of
the fact that chromatin in ruptured micro-
nuclei is significantly underreplicated to
identify the previously micronucleated
chromosome in the daughter cells.
Underreplication means that a 2N cell
with a micronucleus enters mitosis with
an essentially 4N-1 genome, with one
chromosome being unduplicated. When
this cell divides, one daughter gets the
full complement of chromosomes (2N)
and one is missing a copy of the
